'Systemic knowledge management', presented in Paper I as a problem-solving methodology, is applied to hydraulic systems here in Paper II. The generic context of hydraulic systems is interrelated to a body of similar developments in science and technology through the concept of paradigms. The systemic component of this problem-solving method integrates 'holism' with 'reductionism'.
INTRODUCTION
Thus, components can be social and technical dimensions, various subsystems of a system, various hierarchies in a system, or various building blocks of a hierarchy.
Admittedly the usage of component in this wider sense compromises the subtleties associated with the various terms but this is in the hope that the engineering readership is more familiar with component than the term 'simplicity', as defined in Paper I, or building block.
There are numerous cases in hydraulics for the substantiation of the 'postulate' on the formation of paradigms and their subsequent shifts through proliferating, norming and performing stages, as presented in Paper I and depicted in Figure 1 . Indeed, seeking to explain the context of modern changes in these systems was the motivation for the writer to research broadly. The writer has drafted papers to substantiate the shifts on a range of paradigms in water engineering. One paper has been published outlining the paradigmatic stages on open channel flow modelling capabilities and these stages are reproduced in Table 1 (see Khatibi (2001) ). A more comprehensive substantiation of the postulate in relation to hydraulic systems is outside the scope of one paper but this is compensated for in the following ways:
(i) outlining a number of paradigms related to hydraulics in tabular form;
(ii) selecting flood forecasting for a detailed presentation of the application of systemic problem-solving; and (iii) presenting the application of the postulate to a number of important problem areas in more detail.
For this purpose, the following have also been drafted: (i) the paradigm of software in hydraulic modelling, (ii) the paradigm of flood risk management, and (iii) the paradigm of modelling and systems.
Many hydraulic systems have been formed since the 19th century and acquired institutional outlooks with subsequent paradigm shifts mirroring other disciplines.
Rudimentary forms of some of these systems with enterprise/system outlooks existed prior to the Industrial Revolution but as ad hoc arrangements rather than systems. Many of these systems are products of the Industrial Revolution, which include water supply systems, irrigation and/or drainage systems, flood management systems and inland navigation systems, although their rudimentary forms may be traced to prehistory. If hydraulic systems are appraised from Kuhn's (1962) perspective, various paradigms in hydraulics have matured enough and are at their normal science stage.
The writer regards systems and modelling as two intertwined paradigms formed in science and technology.
Although the contribution of these paradigms in shaping hydraulic systems is substantial, other contributions are very important too, e.g. control/regulation, information technology, incident management, risk/value management and knowledge management, and those native to hydraulic systems, e.g. flood management and flood warning. The level of understanding on these concepts is often pragmatic and the creation of transparency among these systems is long overdue. Sources creating transparency are 
OUTLINING PARADIGM SHIFTS FOR A NUMBER OF HYDRAULIC SYSTEMS
Paradigm shifts for modelling open-channel flows are presented in Table 1 , which is a reproduction and refinement of that given by Khatibi (2001) . The summary is that, prior to the 1960s, open-channel hydraulic systems were analysed by reductive approach of one-component-at-atime building on an extensive theoretical and empirical knowledge accumulated in the late 19th and early 20th centuries. With the advent of computers, it became possible to develop system-wide modelling, a capability that made it possible to interconnect the various components to gain an insight into the interactions and the synergy among the components and to identify the potentials of the systems and their blind spots. Software tools were improved to ease the appraisal of inter-component synergies. This led to the capability of customised solutions, such that the arrangement and configuration of the various hydraulic components could be determined to assure prescribed performance requirements and this marked the emergence of foresight in modelling.
One example of foresight in science is the consensus on global climate change, which was revealed through extensive simulations. Modelling interconnected the past, present and future on a whole range of issues related to climate change. Although it is not possible to provide a black-and-white proof for climate change but science is dismissing black-and-white proofs and shifting towards risk management. Under the emerging paradigm of risk management, modelling has revealed that high risks are associated with climate change and therefore it is not tenable anymore to dismiss the risk. In relation to foresight in science, many other similar simulations on other environmental issues revealed that extensive future problems would be likely without interconnecting the present activities with their future outcomes-hence the birth of sustainable development.
Tabular information is presented in Table 2 
SYSTEMIC KNOWLEDGE MANAGEMENT IN FLOOD FORECASTING
The writer holds that the delivery of the flood forecasting and warning service by the Environment Agency in England and Wales is at its norming stage and this paper identifies major problems to be solved with their tentative solutions through systemic knowledge management.
The background is that each Regional Office of the Environment Agency has developed its own forecasting capability, meeting its own needs. Until recently, regional autonomy was an important and common feature for the development of practices within the Agency. These developments signified a one-way flow of information and were often piecemeal and opportunistic but the various regional practices have tended to be refined by Agency sponsored research activities and a ministerial directive.
In the norming stage regional autonomy with opportunistic development is regarded as counter-productive. This paper identifies some of the main issues and problems and presents tentative solutions based on systemic knowledge management. Khatibi & Haywood (2002) h Open-channel hydraulic systems were reduced into 'one-component-at-a-time', thus:
x The synergy between the components was lost;
x Risks of blind spots were created between the components and
x Full system potentials could not be explored.
h Decision-making was restricted to cost-effectiveness and hydraulic feasibility h The paradigm of the system-wide modelling capability emerged, as a result of which entire system complexities could be taken on board by constructing models as one-to-one analogous images of real systems h Assessment of impacts of proposed developments on river-basin systems or their interactions with the environment through a comparison of the performances of baseline and design systems by assessing 'levels of service', taking account of land use and flood frequencies h Customised solutions for rehabilitation/mitigation of the system and its components h Important decision-making tools for conflict resolution/flood warning Already there are a number of R&D projects commissioned by the National Flood Warning Centre of the Environment Agency to lay down a framework for such knowledge creation, see Figure 2 . Categorisation will play a key role and the writer uses the concept of control volume to categorise flood-modelling approaches . Control volume is a microcosm of the whole system so that flow state in the prototype system is rendered by replicating the control volumes side by side to describe the propagation of flood waves. It is composed of (a) a physical building block characterised by the selected spatiotemporal resolution, where resolution is the smallest level of detail, and (b) a conceptual building block normally described by mathematical equations expressing conservation laws of nature or empirical relationships.
A paper has been prepared by the writer on categorising modelling techniques based on control volume, an outline of which is presented by Khatibi et al. (2002a) and Khatibi & Haywood (2002) ; the latter also outlines possible approaches for the categorisation of physical systems. An early model of breaking down this service into subsystems was given by Haimes et al. (1989) . These concepts are evolving until an insight into the optimum solutions of interconnection among the subsystems is identified. There are two problems here: to modularise the system into components and interconnect them through performance criteria in terms of accuracy, timeliness and reliability, even though there are no agreed definitions for these criteria yet. One solution is depicted in Figure 3 , comprising the insertion of interfaces in amongst detection, flood 
(v) Creating systemic arrangement within the service
The ultimate solution for this service will be the delivery of 'safe systems', where a report defines it as a strategy to demonstrate that steps are taken to ensure that all hazards in all locations are identified, quantified and assessed (R&D Note 106 1992). Such a strategy also includes the folowing:
• Approaches for each class of hazards in each location, commensurate with existing technical capability and within reasonable cost-effectiveness parameters.
• Awareness of risks inside and outside the organisation.
• A safety case for each situation where a hazard is identified.
Where business requirements are contrary to safe systems strategy, conscious decisions must be made. The delivery of safe systems is a formidable task and requires a higher level of insight into the complexity of the system. It depends on the following:
• the capability to deliver customised solutions, • developing partnership among the stakeholder groups, and
• determining the systemic arrangement in the technical and social dimensions and among the stakeholders.
This subject is vast and beyond the scope of one paper, let alone this paper. The overview is that knowledge is required for an understanding of the synergy between the components within a hierarchy or among the hierarchies and interactions at the interfaces of different subsystems.
Such knowledge is often tacit and due to be transformed to explicit knowledge. It is difficult to see if there are gaps or inconsistencies at this stage. For instance, the commendable culture of partnership can be at risk without owners, which can be significant when conflicts prevail. One solution is that systems scientists own the partnership at a generic level through a risk-based culture, where the systemic arrangement can play a determining role. Before solving these complex problems, arguably the delivery of safe systems can only be a goal. This subject has been outlined by Khatibi et al. (2001) but a comprehensive treatment of the subject is compiled under the concept of paradigm shifts (Khatibi et al. in press ). An outline is that models in the form of assembled 
